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METHOD OF COLOR INTERPOLATION OF 
IMAGE DETECTED BY COLOR FILTER 

CLAIM OF PRIORITY 

This application claims the bene?t of Korean Patent Appli 
cation No. 2006-0092341 ?led on Sep. 22, 2006, in the 
Korean Intellectual Property Of?ce, the disclosure of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a color interpolation 

method, and more particularly, to a color interpolation 
method capable of more precisely interpolating each of pixels 
of an image passing through a color ?lter of Bayer pattern and 
detected by an image sensor. 

2. Description of the Related Art 
In general, an image sensor converts brightness and Wave 

length, of light from an object, detected from pixels to electric 
values by utiliZing a property that a semiconductor reacts to 
light. The images captured by a digital image storing means 
With a single complementary metal oxide semiconductor 
(CMOS) or a charge coupled device (CCD) image sensor 
equipped therein do not have all of red, green and blue com 
ponents for each pixel. This is because, in order to realiZe a 
color image, the image sensor outputs only one component of 
the three primary colors from eachpixel positionusing a color 
?lter array composed of red, green and blue. 

FIG. 1 exempli?es a color ?lter array (CFA) having a Bayer 
pattern. The Bayer pattern is the most generally Widely used 
color ?lter array, in Which a green component accounts for 
50% the entire photocells of the color ?lter, considering that 
the human visual system is most sensitive to a luminance 
component, i.e., green, and the rest of the red and blue ?lters 
are alternately repeated. Therefore, in order for digital image 
storing equipment such as digital still cameras, mobile phone 
cameras and the like to process image signals obtained from 
the color ?lter array having such a Bayer pattern, the color 
component of each of the pixels need to be interpolated to 
have complete red, green and blue components. 

Examining the conventionally generally used technologies 
for such color interpolation, the mo st representative methods 
of loW complexity and a decreased load of hardWare include 
nearest neighbor interpolation using the nearest neighbor 
pixel values of the same color component and bilinear inter 
polation using an average of pixel values adjacent to a center 
pixel. In addition, the technology has been advanced to modi 
?cation of the above-described methods or adoption of the 
methods in consideration of directivity of horiZontal and ver 
tical edges in a certain pixel region. HoWever, despite the 
simplicity of algorithm, these methods have drawbacks such 
as false color error and moire effect, in Which a false color is 
interpolated in an outline or an edge of an object to result in 
unattractive colors. 

In order to improve such draWbacks and increase the 
capacity of color interpolation, there have been suggested 
various technologies, Which restore colors using more 
advanced and diverse forms of algorithm based on the impor 
tance of pixels in an edge. In these technologies, interpolation 
for the green channel is completed ?rst and then interpolation 
for the red and blue channels is performed. HoWever, since 
these methods disadvantageously require additional memory 
and increase the load of hardWare, they are not readily appli 
cable to color interpolation of color ?lter array images used 
for mobile phone cameras. Also, some images according to 
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2 
these methods exhibit false color error or aliasing With par 
tially false colors, despite more complicated algorithm. Fur 
thermore, since the color interpolation methods described 
above do not consider a noise component obtained from the 
image sensor at all, the noise component of the image is 
increased, causing false color error When the algorithm is 
applied to the inputted image. 

SUMMARY OF THE INVENTION 

An aspect of the present invention provides a color inter 
polation method capable of eliminating noise Without using 
additional memory With enhanced capacity of color interpo 
lation. 

According to an aspect of the invention, there is provided a 
color interpolation method including: de?ning a pixel group 
of a matrix structure, having a pixel to be color-interpolated as 
a center pixel, in an image passed through a color ?lter of 
Bayer pattern and detected by an image sensor; determining 
Whether an edge exists or not in the pixel group; interpolating 
a color of the center pixel using a loW pass ?lter When an edge 
does not exist in the pixel group; and interpolating a color of 
the center pixel according to directivity of an edge When the 
edge exists in the pixel group. 
The de?ning a pixel group may include de?ning a pixel 

group of a 5x5 matrix structure in Which a pixel to be color 
interpolated is the center pixel and 5 pixels are positioned in 
a horiZontal direction and a vertical direction, respectively. 
More particularly, the de?ning a pixel group may include: 

de?ning a pixel group as a ?rst type pixel group, in Which a 
color detected from the center pixel of the pixel group is green 
and a pixel from Which red is detected is disposed in a hori 
Zontal direction of the center pixel; de?ning a pixel group as 
a second type pixel group, in Which a color detected by the 
center pixel of the pixel group is green and a pixel from Which 
blue is detected is disposed in a horiZontal direction of the 
center pixel; de?ning a pixel group as a third type pixel group, 
in Which a color detected from the center pixel of the pixel 
group is red; and de?ning a pixel group as a fourth type pixel 
group, in Which a color detected from the center pixel of the 
pixel group is blue. 

The interpolating color of the center pixel using a loW pass 
?lter may include: determining a Weighted average value of a 
color value detected from the center pixel and color values of 
a plurality of pixels, from Which the same color as the center 
pixel is detected, in the pixel group, as an interpolated color 
value of the center pixel for the color detected from the center 
pixel; and determining Weighted average values, for respec 
tive colors, of color values of the plurality of pixels, from 
Which colors different from the color detected from the center 
pixel are detected, in the pixel group, as interpolated color 
values of the center pixel for the colors not detected from the 
center pixel. In this case, the Weighted average value may be 
obtained by applying a smaller Weight to a color value of a 
pixel positioned farther from the center pixel. 
The determining Whether or not an edge exists or not may 

include: calculating vertical and horiZontal pixel value 
change amounts in the pixel group by using Gradient and 
Laplacian techniques; comparing the horiZontal and vertical 
pixel value change amounts With respective critical values 
corresponding to horiZontal and vertical directions, respec 
tively; determining that an edge component does not exist in 
the pixel group When the vertical and horiZontal pixel value 
change amounts are smaller than the respective critical val 
ues; and determining that an edge component exists in the 
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pixel group when at least one of the vertical and horizontal 
pixel value change amounts is larger than the respective criti 
cal values. 

The interpolating a color of the center pixel according to 
directivity of an edge may include: comparing the horiZontal 
change amount with the vertical change amount, and deter 
mining that a vertical edge exists when the horizontal change 
amount is larger, and determining that a horiZontal edge exists 
when the vertical change amount is larger, and determining 
that both vertical and horiZontal edges exist when the vertical 
change amount is identical to the horizontal change amount; 
interpolating the color of the centerpixel using pixels existing 
in a vertical direction with respect to the center pixel when it 
is determined that the vertical edge exists; interpolating the 
color of the center pixel using pixels existing in a vertical 
direction with respect to the center pixel when it is determined 
that the horiZontal edge exists; and interpolating the color of 
the centerpixel using pixels existing in vertical and horiZontal 
directions when it is determined that both the vertical and 
horiZontal edges exist. 
When it is determined that the vertical edge exists, the 

method may further include: comparing a change amount 
between the center pixel and at least one pixel belonging to a 
column adjacent to the center pixel in a left side of the pixel 
group with a change amount between the center pixel and at 
least one pixel belonging to a column adjacent to the center 
pixel in a right side of the pixel group, after the interpolating 
a color of the center pixel according to directivity of an edge; 
additionally interpolating the center pixel using pixels 
belonging to a column adjacent to the center pixel in the right 
side of the pixel group when a value obtained by subtracting 
the change amount between the center pixel and at least one 
pixel belonging to the column adjacent to of the center pixel 
in the right side of the pixel group from the change amount 
between the center pixel and at least one pixel belonging to 
the column adjacent to the center pixel in the left side of the 
pixel group is larger than a predetermined critical value; 
additionally interpolating the center pixel using pixels 
belonging to the column adjacent to the center pixel in the left 
side of the pixel group when a value obtained by subtracting 
the change amount between the center pixel and at least one 
pixel belonging to the column adjacent to the center pixel in 
the right side of the pixel group from the change amount 
between the center pixel and at least one pixel belonging to 
the column adjacent to the center pixel in the left side of the 
pixel group is smaller than a predetermined critical value; and 
additionally interpolating the center pixel using pixels 
belonging to the column adjacent to the center pixel in the left 
and right sides of the center pixel when a value obtained by 
subtracting the change amount between the center pixel and at 
least one pixel belonging to the column adjacent to the center 
pixel in the right side of the pixel group from the change 
amount between the center pixel and at least one pixel belong 
ing to the column adjacent to the centerpixel in the left side of 
the pixel group is identical to a predetermined critical value. 
When it is determined that the horiZontal edge exists, the 

method may further include: comparing a change amount 
between the center pixel and at least one pixel belonging to a 
column adjacent to the center pixel in an upper side of the 
pixel group with a change amount between the center pixel 
and at least one pixel belonging to a column adjacent to the 
center pixel in a lower side of the pixel group, after the 
interpolating a color of the center pixel according to directiv 
ity of an edge; additionally interpolating the center pixel 
using pixels belonging to a row adjacent to the center pixel in 
the lower side of the pixel group when a value obtained by 
subtracting the change amount between the center pixel and at 
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4 
least one pixel belonging to the row adjacent to the center 
pixel in the lower side of the pixel group from the change 
amount between the center pixel and at least one pixel belong 
ing to the row adjacent to the center pixel in the upper side of 
the pixel group is larger than a predetermined critical value; 
additionally interpolating the center pixel using pixels 
belonging to the row adjacent to the center pixel in the upper 
side of the pixel group when a value obtained by subtracting 
the change amount between the center pixel and at least one 
pixel belonging to the row adjacent to the center pixel in the 
lower side of the pixel group from the change amount 
between the center pixel and at least one pixel belonging to 
the column adjacent to the center pixel in the upper side of the 
pixel group is smaller than a predetermined critical value; and 
additionally interpolating the center pixel using pixels 
belonging to the rows adjacent to the center pixel in the upper 
and lower sides of the center pixel when a value obtained by 
subtracting the change amount between the center pixel and at 
least one pixel belonging to the row adjacent to the center 
pixel in the lower side of the pixel group from the change 
amount between the center pixel and at least one pixel belong 
ing to the column adjacent to the center pixel in the upper side 
of the pixel group is identical to a predetermined critical 
value. 

In the above-described additional interpolation operations, 
a green color value interpolated from the center pixel may be 
used in the above additional interpolating operations when 
the color detected by the center pixel is not green. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and other advantages 
of the present invention will be more clearly understood from 
the following detailed description taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a diagram illustrating a conventional color ?lter of 
Bayer pattern; 

FIG. 2 is a ?owchart illustrating a method of color inter 
polation according to an exemplary embodiment of the 
present invention; 

FIG. 3 is a ?owchart illustrating a part of the color inter 
polation method when an edge exists in a pixel group, accord 
ing to an exemplary embodiment of the present invention; 

FIG. 4 is a ?owchart illustrating another part of the color 
interpolation method when an edge exists in a pixel group, 
according to an exemplary embodiment of the present inven 
tion; 

FIG. 5 is a ?owchart illustrating still another part of the 
color interpolation method when an edge exists in a pixel 
group, according to an exemplary embodiment of the present 
invention; 

FIGS. 6A to 6D are diagrams illustrating the types of pixel 
groups applicable to the method of color interpolation 
according to an exemplary embodiment of the present inven 
tion; 

FIG. 7A is a diagram illustrating pixels used for calculating 
a vertical edge, and FIG. 7B is a diagram illustrating pixels 
used for calculating a horiZontal edge; 

FIG. 8A is a diagram showing pixel coordinates in a ?rst 
type pixel group, and FIG. 8B is a diagram showing pixel 
coordinates in a third type pixel group; 

FIG. 9A to 9C are diagrams illustrating a pixel group 
having both vertical and horiZontal edges, a pixel group hav 
ing a horiZontal edge, and a pixel group having a vertical 
edge; 

FIG. 10A is a diagram illustrating pixels used for precise 
edge detection in additional interpolation for the ?rst and 
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second type pixel groups, and FIG. 10B is a diagram illus 
trating pixels used for precise edge detection in additional 
interpolation of the third and fourth type pixel groups; 

FIGS. 11A to 11C are diagrams illustrating pixels used for 
additional interpolation for a vertical edge; and 

FIGS. 12A to 12C are diagrams illustrating pixels used for 
additional interpolation for a horizontal edge. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Exemplary embodiments of the present invention Will noW 
be described in detail With reference to the accompanying 
draWings. The invention may hoWever be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure Will be thorough and com 
plete, and Will fully convey the scope of the invention to those 
skilled in the art. In addition, the terms are de?ned herein in 
consideration of functions, Which are subject to the intention 
or convention of a person With ordinary skill in the art, and 
thus should not be understood as limiting the technical com 
ponents of the present invention. 

FIG. 2 is a ?owchart illustrating a method of color inter 
polation according to an exemplary embodiment of the 
present invention. 

Referring to FIG. 2, the method of color interpolation 
according to the present invention broadly includes de?ning a 
pixel group of a matrix structure made up of a predetermined 
number of pixels in horizontal and vertical directions, respec 
tively, from an image passing through a color ?lter of Bayer 
pattern and detected by an image sensor, S21; determining 
Whether or not an edge exists in the pixel group, S22; inter 
polating color of the pixel group using a loW pass ?lter When 
an edge does not exist in the pixel group, S23; and interpo 
lating color of the pixel group according to directivity of the 
edge When an edge exists in the pixel group, S24. 

First, in the operation of de?ning the pixel group, S21, a 
pixel group of a matrix structure made up of a plurality of 
pixels in horizontal and vertical directions about a pixel to be 
color-interpolated is de?ned, in order to perform color inter 
polation of an image passing through a color ?lter of Bayer 
pattern and detected by an image sensor. The pixel group may 
be formed in a 5x5 matrix structure made up of 5 pixels in 
horizontal and vertical directions, respectively. 

FIGS. 6A to 6D illustrate the types of pixel groups of 5x5 
matrix structures, each employing a color ?lter of Bayer 
pattern, de?ned as beloW. FIG. 6A illustrates a pixel group in 
Which a green component is detected from the center pixel (G 
pixel), Which is horizontally adjacent to a pixel from Which a 
red component is detected (R pixel) and vertically adjacent to 
a pixel from Which a blue component is detected (B pixel). 
Therefore, the pixel group illustrated in FIG. 6A is referred to 
as a ?rst type pixel group. In addition, FIG. 6B illustrates a 
pixel group in Which a center pixel is a G pixel horizontally 
adjacent to a B pixel and vertically adjacent to an R pixel. 
Hereinafter, the pixel group illustrated in FIG. 6B is referred 
to as a second type pixel group. In addition, FIG. 6C illus 
trates a pixel group With a center pixel of R pixel. Hereinafter, 
the pixel group illustrated in FIG. 6C is referred to as a third 
type pixel group. In addition, FIG. 6D illustrates a pixel group 
With a center pixel of B pixel. Hereinafter, the pixel group 
illustrated in FIG. 6D is referred to as a fourth type pixel 
group. Different methods of detecting and interpolating the 
edge are applied to the various pixel groups de?ned as above. 

Next, in the operation of determining Whether or not an 
edge exists in the pixel group, S22, a value of AT_H, Which is 
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6 
a vertical change amount, and a value of AT_V, Which is a 
horizontal change amount, are calculated according to the 
folloWing Equation 1 by using the Gradient and Laplacian 
techniques, and the change amounts are compared With pre 
determined critical values to determine Whether or not an 
edge exists. FIGS. 7A and 7B illustrate positions of pixels 
used in the Equation 1. In particular, FIG. 7A shoWs pixels 
used for calculating a vertical edge, and FIG. 7B shoWs pixels 
used for calculating a horizontal edge. 
[Equation 1] 

In the above Equation 1, Pij denotes a pixel of i roW and j 
column, AV denotes a change amount of pixel values in a 
vertical column including the center pixel; AV denotes a 
change amount of pixel values in a horizontal roW including 
the center pixel; Avl and Av2 denote change amounts of pixel 
values in vertical columns adjacent to the center pixel, respec 
tively; and Ahl and Ah2 denote change amounts of pixel 
values in horizontal roWs adjacent to the center pixel, respec 
tively. In addition, AVT denotes a change amount of vertical 
pixel values in the entire pixel group, and AHT denotes a 
change amount of horizontal pixel values in the entire pixel 
group. 

Hereinafter, a pixel value or a color value of a pixel Will be 
denoted as folloWing. Pij denotes a pixel value of a pixel of i 
roW and j column in a pixel group of a matrix structure, Gij 
denotes a green color value (G value) of a pixel of i roW and 
j column in a pixel group of a matrix structure, Rij denotes a 
red color value (R value) of a pixel of i roW and j column in a 
pixel group of a matrix structure, and Bij denotes a blue color 
value (B value) of a pixel of i roW and j column in a pixel 
group of a matrix structure. 
As shoWn in the above Equation 1, using the pixel values of 

the center pixel and the pixels adjacent to the center pixel, 
change amounts of the pixel values are calculated by Gradient 
and Laplacian techniques With respect to vertical and hori 
zontal directions, and the change amounts are compared With 
predetermined critical values to determine Whether or not one 
of a vertical edge and a horizontal edge exists in the pixel 
group, for all the four types of pixel groups described above. 

That is, When both horizontal and vertical change amounts 
AV], and AHT are smaller than the respective predetermined 
critical values, it is determined that an edge does not exist in 
the pixel group, but in the rest of the conditions, it is deter 
mined that one of a vertical edge and a horizontal edge exists. 
That is, When at least one of the horizontal and vertical change 
amounts is larger than the respective critical values and the 
horizontal change amount is larger than the vertical change 
amount, it is determined that a vertical edge exists. On the 
other hand, at least one of the horizontal and vertical change 
amounts is larger than the respective critical values and the 
vertical change amount is larger than the horizontal change 
amount, it is determined that a horizontal edge exists. Deter 
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mining Whether the edge is formed in a vertical direction or a 
horizontal direction as described above is applied to the 
operation of interpolating the center pixel When an edge 
exists, Which Will be described later. 

In the meantime, When it is determined that an edge does 
not exist in the operation of determining Whether an edge 
exists or not, S22, the pixel group is determined as an edge 
less region, and the center pixel is interpolated by employing 
a loW pass ?lter, S23. For the sake of convenience, the inter 
polation performed When an edge does not exist is referred to 
as a ?rst interpolation operation. Particularly, the present 
invention accommodates elimination of noise component 
generated in the image sensor by interpolating the color value 
detected by the center pixel in the ?rst interpolation operation 
employing the loW pass ?lter. For example, When the center 
pixel is a G pixel from Which green is detected, not only an R 
value and a B value, Which are the red and blue color values of 
the center pixel, are interpolated, but also a G value detected 
from the center pixel is interpolated. In addition, the present 
invention further decreases the noise generated When photo 
graphing at a loW luminous intensity by adjusting the critical 
values, thereby decreasing a load used for eliminating the 
noise in a subsequent operation of processing the image sig 
nals. When it is determined that an edge does not exist, the 
operation of interpolating the center pixel may be expressed 
by the folloWing Equation 2, in a pixel group having a 5x5 
matrix structure. The following Equation 2 is described With 
reference to FIGS. 8A and 8B. FIG. 8A illustrates the pixel 
coordinates in the ?rst pixel group, and FIG. 8B illustrates the 
pixel coordinates in the third pixel group. The second and 
fourth pixel groups may be con?gured by sWitching the posi 
tions of R pixel and B pixel from the con?gurations of FIGS. 
8A and 8B, respectively, and thus additional draWings are not 
provided. 

Second pixel group: 
Identical to the interpolation equation of the ?rst type except 

sWitching the positions of R and B 
Third pixel group: 

Fourth pixel group: 
Identical to the interpolation equation of the third type except 

sWitching the positions of R and B 
In the above Equation 2, the subscript ‘_inter’ represents 

color values of green, red and blue of the interpolated center 
pixel, Which applies to the rest the speci?cation as Well. As 
shoWn in the above Equation 2, in the ?rst interpolation 
operation performed When an edge does not exist, a Weighted 
average value of a color value detected from the center pixel 
and color values of a plurality of pixels, from Which the same 
color as the center pixel is detected, in the pixel group, is 
determined as an interpolated color value of the center pixel 
for the color detected from the center pixel. 

In addition, Weighted average values, for respective colors, 
of color values of the plurality of pixels, from Which colors 
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8 
different from the color detected from the center pixel are 
detected, in the pixel group, are determined as interpolated 
color values of the center pixel for the colors not detected 
from the center pixel. For example, When interpolating the 
color value of the center pixel in the ?rst type pixel group, the 
color value G33 of the center pixel is multiplied by a Weight 
of 4 in order to obtain a color value of green detected by the 
center pixel, and neighboring color values of the G pixel are 
multiplied by Weights of 2 and l. The multiplied values are 
added and the sum is divided by a sum of the Weights to 
determine the green color value G33_inter of the center pixel. 
In addition, the red color value and the blue color value 
detected from the pixels in the pixel group are multiplied by 
Weights of 2 and l, and the multiplied values are added and 
the sum is divided by a sum of the Weights to determine red 
and blue color values R33_inter and B33_inter of the center 
pixel. A smaller Weight may be applied to a pixel farther aWay 
from the center pixel. 

Next, When it is determined that an edge exists as a result of 
determining Whether or not an edge exists in the pixel group, 
S22, the center pixel of the pixel group is interpolated in 
accordance With the directivity of the edge, S24. For the sake 
of convenience in description, the interpolation of the center 
pixel performed according to the directivity of the edge is 
referred to as a second interpolation operation. In the second 
interpolation operation, S24, in Which the color of the center 
pixel is interpolated according to the directivity of the edge, 
the center pixel is interpolated according to the directivity of 
the edge determined by horizontal and vertical amounts. This 
operation, S24, Will be explained in greater detail With refer 
ence to FIGS. 3 to 5. 

Referring to FIG. 3, the interpolating the color of the center 
pixel according to the directivity of an edge (S24 of FIG. 2) 
may include determining the directivity of the edge, S31; 
interpolating the color of the centerpixel using pixels existing 
in a vertical direction of the center pixel When it is determined 
that a vertical edge exists, S32; interpolating the color of the 
center pixel using pixels existing in a horizontal direction of 
the center pixel When it is determined that a horizontal edge 
exists, S33; and interpolating the color of the center pixel 
using pixels existing in vertical and horizontal directions of 
the center pixel When it is determined that both vertical and 
horizontal edges exist, S34. FIGS. 9A to 9C illustrate a pixel 
group having both vertical and horizontal edges, a pixel group 
having a horizontal edge, and a pixel group having a vertical 
edge. 
As previously described in the operation of determining 

Whether or not an edge exists, S22, the operation of the 
determining the directivity of an edge, S31, includes compar 
ing the horizontal change amount and the vertical change 
amount of the pixel values. In this case, When at least one of 
the horizontal and vertical change amounts is smaller than the 
respective predetermined critical values and the horizontal 
change amount is greater than the vertical change amount, it 
is determined that a vertical edge exists. On the other hand, 
When at least one of the horizontal and vertical change 
amounts is smaller than the respective predetermined critical 
values and the vertical change amount is greater than the 
horizontal change amount, it is determined that a horizontal 
edge exists. 

Then, When it is determined that a vertical edge exists, the 
color of the center pixel is interpolated using color values of 
pixels vertically adjacent to the center pixel, along the direc 
tion of the edge. In particular, the interpolation of the center 
pixel is performed for the color vertically adjacent to the 
center pixel. For example, in the case of the ?rst type pixel 
group in Which a center pixel is a green pixel vertically adja 
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cent to a blue pixel, the second interpolation operation of the 
center pixel is performed for the blue. 

Likewise, When it is determined that a horizontal edge 
exists, the color of the center pixel is interpolated using the 
color values of pixels horizontally adjacent to the center pixel. 
In particular, the interpolation of the center pixel is performed 
for the colors horizontally adjacent to the center pixel. For 
example, in the case of the ?rst type pixel group in Which a 
center pixel is a green pixel horizontally adjacent to a red 
pixel, the second interpolation of the center pixel is per 
formed for the red. 
When it is determined that both the horizontal and vertical 

edges exist, the color of the center pixel is interpolated using 
pixels vertically and horizontally adjacent to the center pixel 
and pixels adjacent to the pixels vertically and horizontally 
adjacent to the center pixels. In this case, the interpolation of 
the center pixel is performed for all of the red, blue and green. 

The method of interpolating the color of the center pixel 
along the direction of the edge may be expressed by the 
folloWing Equations 3 to 5. The Equation 3 is for interpolating 
the color value of the center pixel When a vertical edge exists 
in a 5x5 pixel group, the Equation 4 is for the case When a 
horizontal edge exists, and the Equation 5 is for interpolating 
the color value of the center pixel When both vertical and 
horizontal edges exist. 
[Equation 3] 
In the case of the ?rst type pixel group: 

G33iinter : G33 

G33 + G13 

(G33 — f] + 
B33iinter : (B23 + B43)/ 2 + / 4 

G33 + G53 

(G33 ‘ T] 

In the case of the second type pixel group: 
Identical to the interpolation equation of the ?rst type except 

sWitching the positions of B and R 
In the case of the third type pixel group: 

R33 + R13 

(R33 — T] + 
G33iinter : (G23 + G43)/ 2 + / 2 

R33 + R53 

(R33 - T1 
R3 3iinter : R33 

In the case of the fourth type pixel group: 
Identical to the interpolation equation of the third type except 

sWitching the positions of R and B 
[Equation 4] 
In the case of the ?rst type pixel group: 

G33iinter : G33 

G33 + G31 

(G33 — f] + 
R33iinter = (R23 + R43) /2 + / 4 

G33 + G35 

(G33 ‘ T] 

In the case of the second type pixel group: 
Identical to the interpolation equation of the ?rst type except 

sWitching the positions of R and B 

20 

25 

40 

50 

60 

1 0 
In the case of the third type pixel group: 

R33iinter : R33 

In the case of the fourth type pixel group: 
Identical to the interpolation equation of the third type except 

sWitching the positions of R and B 
[Equation 5] 
In the case of the ?rst type pixel group: 

G33iinter : G33 

In the case of the second type pixel group: 
Identical to the interpolation equation of the ?rst type except 

sWitching the positions of R and B 
In the case of the third type pixel group: 

R3 3iinter : R33 

In the case of the fourth type pixel group: 
Identical to the interpolation equation of the third type except 

sWitching the positions of R and B 
As described in the above Equations 3 to 5, the method of 

color interpolation according to the present invention entails 
calculation including adding an average of neighboring color 
components identical to the color component to be interpo 
lated and an average of change amounts in respective edge 
directions, in consideration of the directivity of the edge 
determined With respect to the center pixel of the pixel group. 
In this case, the change amount is obtained by the differences 
betWeen the color value of the center pixel and the neighbor 
ing pixel values from Which the same color as the center pixel 
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is detected. That is, When interpolating the red color value and 
the blue color value, the change amount of the green compo 
nent is considered, and When interpolating the green compo 
nent, the change amount of one of the red component and the 
blue component is considered. 

In addition, according to the present invention, in order to 
interpolate color of the center pixel in consideration of more 
precise directivity of the edge, additional interpolation is 
performed using differences betWeen the green color value of 
the center pixel interpolated through the above-described 
interpolation process and the neighboring green pixel values 
adjacent to the center pixel in upper and loWer, left and right 
sides and diagonal directions of the center pixel. Through this 
additional interpolation process, interpolation is performed 
for the colors not interpolated initially. The additional inter 
polation process Will noW be described With reference to 
FIGS. 4,5 and 10A to 12C. 

FIG. 4 is a ?owchart describing the additional interpolation 
performed When a vertical edge exists. 

Referring to FIG. 4, after the second interpolation opera 
tion, a change amount betWeen the center pixel and at least 
one pixel belonging to column adjacent to the center pixel in 
a left side of the pixel group is compared With a change 
amount betWeen the center pixel and at least one pixel belong 
ing to a column adjacent to the center pixel in a right side of 
the pixel group, S321. The pixels used in the operation of 
comparing the change amounts are illustrated in FIGS. 10A 
and 10B. As shoWn in FIG. 10A, in the ?rst and second type 
pixel groups, Where the center pixel is a G pixel, the color 
value of the center pixel is compared With the color values of 
the pixels adjacent to the center pixel in diagonal directions of 
the center pixel. In addition, as shoWn in FIG. 1 0B, in the third 
and fourth type pixel groups Where the center pixel is an R 
pixel or a B pixel, the interpolated green color value 
G33_inter of the center pixel is compared With the color 
values of the pixels vertically and horiZontally adjacent to the 
center pixel. 
When a vertical edge exists, an example of calculating the 

change amounts betWeen the color value of the center pixel 
and pixels belonging to the columns adjacent to the center 
pixel in the left and right sides of the center pixel in the 
operation of comparing, S321, after the second type interpo 
lation, may be expressed by the folloWing Equation 6. 
[Equation 6] 
In the case of the ?rst and second type pixel groups: 

Asihl I lP33-P22 l+ lP33-P42l 

AsfhZIlP33-P24IHP33-P44l 

In the case of the third and fourth type pixel groups: 

Asihl I l G3 3finter-P3 2] 

AsfhZ I l G3 3finter-P34l 

The differences betWeen the change amounts calculated in 
the above Equation 6 are compared With respective predeter 
mined critical values, and additional interpolation is per 
formed according to results of the comparison. 

First, When the value obtained by subtracting the change 
amount betWeen the center pixel and at least one pixel belong 
ing to the column adjacent to the center pixel in the right side 
of the pixel group from a change amount betWeen the center 
pixel and at least one pixel belonging to the column adjacent 
to the center pixel in the left side of the pixel group is greater 
than a predetermined critical value, that is, When a value of 
As_hl —As_h2 in the Equation 6 is greater than the predeter 
mined critical value, the center pixel is additionally interpo 
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12 
lated using pixels belonging to the column adjacent to the 
center pixel in the right side of the pixel group, S322. The 
pixels used in additional interpolation are illustrated in FIG. 
11A. In this case, more particularly, the color value of the 
center pixel may be interpolated as in the folloWing Equation 
7. 
[Equation 7] 
In the case of the ?rst type pixel group: 

2 + 2 (033-044) 

In the case of the second type pixel group: 
Same as the interpolation equation of the ?rst type except 

sWitching R and B 
In the case of the third type pixel group: 

B33iinter = (B24 + B44) / 2 + 

] + (G33finter 

In the case of the fourth type pixel group: 
Same as in the interpolation equation of the third type except 

sWitching R and B 
Next, When a value obtained by subtracting the change 

amount betWeen the center pixel and at least one pixel belong 
ing to the column adjacent to the center pixel in the right side 
of the pixel group from the change amount betWeen the center 
pixel and at least one pixel belonging to the column adjacent 
to the center pixel in the left side of the pixel group is smaller 
than a predetermined critical value, that is, When a value of 
As_hl —As_h2 in the Equation 6 is smaller than the predeter 
mined critical value, the center pixel is additionally interpo 
lated using pixels belonging to the column adjacent to the 
center pixel in the left side of the pixel group, S323. The 
pixels used in this additional interpolation are illustrated in 
FIG. 11B. In this case, more particularly, the color value of the 
center pixel may be interpolated as in the folloWing Equation 
8. 
[Equation 8] 
In the case of the ?rst type pixel group: 

+ 
2 2 (G33 - G42) 

In the case of the second type pixel group: 
Identical to the interpolation equation of the ?rst type except 

sWitching the positions of R and B 
In the case of the third type pixel group: 

B33iinter = (B22 + B42) / 2 + 

] + (G33finter 

In the case of the fourth type pixel group: 
Identical to the interpolation equation of the third type except 

sWitching the positions of R and B 
Next, When a value obtained by subtracting the change 

amount betWeen the center pixel and at least one pixel belong 
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ing to the column adjacent to the center pixel in the right side 
of the pixel group from the change amount betWeen the center 
pixel and at least one pixel belonging to the column adjacent 
to the center pixel in the left side of the pixel group is identical 
to a predetermined critical value, that is, When a value of 
As_h1-As_h2 in the above Equation 6 is identical to the 
predetermined critical value, the center pixel is additionally 
interpolated using the pixels belonging to the columns adja 
cent to the center pixel in the left and right sides of the center 
pixel, S324. The pixels used in the additional interpolation are 
illustrated in FIG. 11C. In this case, the color values of the 
center pixel may be interpolated as in the folloWing Equation 
9. 

[Equation 9] 
In the case of the ?rst type pixel group: 

2 + 2 + 2 + 2 

((G33 - G24) + (G33 - G44) + (G33 - G22) + (G33 - G42)) /4 

In the case of the second type pixel group: 

Identical to the interpolation equation of the ?rst type except 
sWitching the positions of R and B 

In the case of the third type pixel group: 

In the case of the fourth type pixel group: 

Identical to the interpolation equation of the third type except 
sWitching the positions of R and B 

The additional interpolation for the horizontal edge may be 
performed in a similar manner as the additional interpolation 
for the vertical edge described above. 

Referring to FIG. 5, after the second interpolation opera 
tion, a change amount betWeen the center pixel and at least 
one pixel belonging to a roW adjacent to the center pixel in an 
upper side of the pixel group is compared With a change 
amount betWeen the center pixel and at least one pixel belong 
ing to a roW adjacent to the center pixel in a loWer side of the 
pixel group, S331. The pixels used in the operation of com 
paring the change amounts are illustrated in FIGS. 10A and 
10B. As shoWn in FIG. 10A, in the ?rst and second type pixel 
groups Where a center pixel is a G pixel, the color value of the 
center pixel is compared With the color values of the pixels 
adjacent to the center pixel in diagonal directions of the center 
pixel. In addition, as shoWn in FIG. 10B, in the third and 
fourth type pixel groups Where a center pixel is an R or B 
pixel, the interpolated green value G33_inter of the center 
pixel is compared With the color values of the pixels vertically 
and horizontally adjacent to the center pixel. 

When a horiZontal edge exists, an example of calculating 
change amounts betWeen the color value of the center pixel, 
and pixels belonging to roWs adjacent to the center pixel in the 
upper and loWer sides of the center pixel in the operation of 
comparing, S331, after the second interpolation operation, 
may be expressed by the folloWing Equation 10. 
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[Equation 10] 
In the case of the ?rst and second type pixel groups: 

In the case of the third and fourth type pixel groups: 

Asivl I l G33finter-P23 l 

AsfvZ I 1 G3 3finter-P43 l 

The differences betWeen the change amounts calculated as 
in the above Equation 10 are compared With respective pre 
determined critical values, and additional interpolation of the 
center pixel is performed according to results of the compari 
son. 

First, When a value obtained by subtracting the change 
amount betWeen the center pixel and at least one pixel belong 
ing to the roW adjacent to the center pixel in the loWer side of 
the pixel group from the change amount betWeen the center 
pixel and at least one pixel belonging to the roW adjacent to 
the center pixel in the upper side of the pixel group is greater 
than a predetermined critical value, that is, When a value of 
As_v1-As_v2 in the above Equation 10 is greater than the 
predetermined critical value, the center pixel is additionally 
interpolated using the pixels belonging to the roW adjacent to 
the center pixel in the loWer side of the pixel group, S332. The 
pixels used in the additional interpolation are illustrated in 
FIG. 12A. In this case, more particularly, the color values of 
the center pixel may be interpolated as in the folloWing Equa 
tion 11. 
[Equation 11] 
In the case of the ?rst type pixel group: 

B3iinter : 

B43 + B41 B43 + B45 

( + ]/2+((G33—G42)+(G33—G44))/2 2 2 

In the case of the second type pixel group: 
Identical to the interpolation equation of the ?rst type except 

sWitching the positions of R and B 
In the case of the third type pixel group: 

B33iinter = (B42 + B44) / 2 + 

In the case of the fourth type pixel group: 
Identical to the interpolation equation of the third type except 

sWitching the positions of R and B 
Next, When a value obtained by subtracting the change 

amount betWeen the center pixel and at least one pixel belong 
ing to the roW adjacent to the center pixel in a loWer side of the 
pixel group from the change amount betWeen the center pixel 
and at least one pixel belonging to the roW adjacent to the 
center pixel in the upper side of the pixel group is smaller than 
a predetermined critical value, that is, When a value of As_v1 — 
As_v2 in the above Equation 10 is smaller than the predeter 
mined critical value, the center pixel is additionally interpo 
lated using the pixels belonging to the roW adjacent to the 
center pixel in the upper side of the pixel group, S333. The 
pixels used in the additional interpolation are illustrated in 




















